The Chandra X-Ray Observatory (CXO), the x-ray cornponent of NASA's Great Observatories, was launched early in the morning of 1999, July 23 by the Space Shuttle Columbia. The Shuttle launch was only the first step in placing the observatory in orbit. After release from the cargo bay, the Inertial Upper Stage performed two firings, and separated from the observatory as planned. Finally, after five firings of Chandra's own Integral Propulsion System -the last of which took place 15 days after launch -the observatory was placed in its highly elliptical orbit of 14O,OOO km apogee and 1O,OOO km perigee. After activation, the first x-rays focussed by the telescope were observed on 1999, August 12. Beginning with these initial observations one could see that the telescope had survived the launch environment and was operating as expected. The month following the opening of the sunshade door was spent adjusting the focus for each set of instrument configurations , determining the optical axis, calibrating the star camera, establishing the relative respouse functions, determining energy scales, and taking a series of "publicity" images. Each observation proved to be far more revealing than was expected. Finally, and despite an initial surprise and setback due to the discovery that the Chandra x-ray telescope was far more efficient for concentrating low-energy protons than had been anticipated, the observatory is performing well and is returning superb scientific data. Together with other space observatories, most notably the recently activated XMM-Newton, it is clear that we are entering a new era of discovery in high-energy astrophysics.
INTRODUCTION
The Chandra X-Ray Observatory (CXO). formerly known as the Advanced X-Ray Astrophysics Facility (AXAF), propelled the Chandra flight systerri into a highly elliptical transler orbit. Subsequently. over a period of days, Chandra's Internal Propulsion System (IPS), built by TRW. placed time observatory into its initial operation orbit -140-Mm (87,000-nautical-mile) apogee and 10-Mni (6, 200 -nautical-mile) perigee, with a 28.5° initial inclination.
Chandra's highly elliptical orbit, with a period of 63.5 hours, yields a high observing efficiency. The fraction of the sky occulted by the earth is sniall over imiost of the \Vitli the IUS attached ( Figure 2 ). tIn' Cliaridra was the largest and heaviest payload ever deployed from an SIS space shuttle. Once deployed and separated from tin' IUS. the Chandra flight svsteni is 13.8-ui (43.5-ft) long by 4.2-rn (14-ft) diameter, with a 19.5-in (64-ft ) solar-panel wingspan. With extensive use of graphite-epoxy structures. the mass of the Chiandra flight system is 4,80t) kg 10,600 pounds). The Chandra [light system ( Figure 3 1. The Pointing Control awl As1 )e(t I )et erinilmatior i (PCAD ) subsvstenm which iierformms on-board att itude (leterrmunation. solai-arrav mont ml. dewing.
pointing and (litheririg control, arid nioniemitmilim roaniigeuient 3 orbital period, as is time fract lou of time t one when t lie detector backgrounds are high as t lie 01 mservator dips into Earth's radiation I melts. Consempmenmt iv. nmois than 70X of the time is use ii arid uinirit errmupted observations lasting ummore than 2 days are possible.
TIme specified design life of time umissioum is S years: how ever, time only expendable ( gas for uumaneuVeriumg ) is sjZ('d to allow operatioli for nmoiv timmmn 11) years. TIme orbit will be stable for decades. 2. The Communication, Command, and Data Managemerit (CCDM) subsystem which performs communications, command storage and processing, data acquisition and storage, and computation support, timing reference, and switching of primary electrical power for other Chandra systems or subsystems.
Flight systeuim
3. The Electrical Power Subsystem (EPS) which generates, regulates, stores, distributes , conditions, and controls the primary electrical power.
4. The Thermal Control Subsystem (TCS) which furnishes passive thermal control (where possible), heaters, and thermostats. 5 . The structures and mechanical subsystem which encompasses the spacecraft structures, mechanical interfaces among the spacecraft subsystems and with the telescope system and external structures. plate. Photograph is from Kodak. prior to installation of the opt ical blocking filters. The ACIS-I (imager) is mit the bottom: the ACTS-S (spectroscopic read-out), at t lie top. Photograph is front t lie ACIS teani.
Ground system
The Chiamoira ground svst ('in uorimpmises the Deep 
Chandra X-Ray Center (CXC)
The Smithsonian Astrophysical Observatory (SAO), with the Massachusetts Institute of Technology (MIT), operates the Chandra X-Ray Center (CXC). As Chandra's day-to-day interface with the scientific commuruty, the CXC supports NASA for soliciting observing proposals. provides proposal-preparation information arid tools. organizes peer reviews on behalf of NASA, intakes the long-term schedule from the approved observing proposals. gcmieratc's Observation Requests (OR) from the longterm schedule arid calibration needs, and submits the OR to the 0CC for scheduling. The CXC receives the re-formatted teleriietrv trout the OC'C'. extracts the science strearmi. processes the science data, constructs time tagged event lists for each observation, performs higher level data processing ( eq.. generates images and spectra). operates the data archive, maintains (with NASA Project Science) the calibration, and provides data, analysis tools. and other support to users. The CXC is also responsible for developing and riiaiiitainimig die software to support its functions.
The calibration of Cliandra included an intensive and extensive giound calibration programit for cali trat log the full Observatory ( §3.1) and its individual suhsvst eros. The on-ground. and tiow on-orbit. calibration results §3.2 tletrlv denionst rate that the Chiandra 0bservnt ory plovides the science capabilities ) -I) --hiighi-resoiutioii (subarcsec ) iumaging and spectroniet nc iln:mgiiig and highresolution dispersive sped roscopy to address its ---ence objectives. \\ithi a goal of a high accurate calibraion, the calibration programni is an oh-going ('flOrt vluchi requires continued analysis and mt erpretatioli. 
ON-ORBIT PERFORMANCE
Chandra's nnssion is to provide lnghi-quahtv x-ray data.
In thus section, we sunlinllarize certain key pertolnlanel taltitlrilit ii's auth address the degree to which they hay been accomplished.
Capabilities
Chandia is a unique x-ray astrononiv facility for highresolution itilagitig (() 4.1.1 ( and for htighi-resolut ion spectroscopv ( 4.1.2 ) , Indeed. Chiandra's performnauice advanitage over other x-ray observatori's is analagous to that of the HubUie Space Telescope (HST ) over ground-bases (ii tservat ones.
Imaging performance
The angular resolution of Cliandra is significantly better titan any previous, current. or even curreuitlv-plauined X-ra\ ohservatorv. Figure 11 qualitatively, vet drantatirally, illustrates this point Iw comparing the early Chiandra image of the supernova remnilant Cassiopeia-A. base I oil ahiiut 2700 , of data, with a -.2(10.fi0fi s ROSAT bitage. (Prior tO thld' ili°velopritent tii'c('ssar\ to itrodruti the Chtamidra optics. the 1)AT observatory represented the state of t lie art iii hugh-resolution x-ray inlagirig. -The imnprovennietit brought let ClioLnItlras olvaiii-e itt angular resolution is draniat jc, ant I t lit pomt source at t lie eliter -uuidetes ed iii rIte ROS.-\T image --siii,plv leaps out of t lie Cli,cndr,t intiayc. Quantitatively. Chianiilra's 01 it s1tietd fttniit tori PSIhS nteasimned dtnning guound (alihrll,t out. hiol ti trill svidt li at half-rtiaxinituuii ( F\\'H\l ) less t haul (t:i ,tre'oe hilt1 lialf-poover ilianiiiter (l[PD) less t liaui 1 ires)'). 1 lii pudiction for the ori-orlut run -cled-emiergv Inaction was I hat a l-arcsec-hiamneter jrile would ejiclose at least halt thi flux mom a joumit source. Fhie relatively judd dejounfeticon energy (resulting from diffractive scattering by surface microroughness) attested to the excellent superpolished finish of the Chandra optics. The ground measurements were, of course, taken under environmental conditions quite different than those encountered on-orbit. Most notably the effects of gravity on the optics and the finite distance and size of the various x-ray sources used were unique to the ground calibration. On the other hand, on the ground there was no Observatory motion to deal with. On-orbit the performance folds in the spatial resolution of the flight detectors and any uncertainties in the aspect solution which determines, post-facto, the direction the observatory was pointing relative to the instruments and to celestial coordinates. The High Resolution Camera (HRC) has the best spatial resolution ((-Sd 2Opm, -O.4 arcsec) of the two imaging instruments aboard Chandra and thus is best matched to the telescope. Figure 12 illustrates the extrapolation of the ground calibration to on-orbit performance and compares the predictions at two energies with an observed PSF. Figure 13 
Spectroscopic performance
The unprecedented angular resolution of the Chandra optics, combined with Chandra's micro-ruled objective transmission gratings (OTGs), provides the capability for high-resolution dispersive spectroscopy. Chandra has two sets of OTGs -the Low-Energy Tranmission Grating (LETG) is optimized for longer x-ray wavelengths, and the High-Energy Tranmission Grating (HETG) for shorter wavelengths. Hence, with an appropriate cornbination of Chandra's gratings, Chandra allows measurernents with spectral resolving power ( Figure 14 
Performance anomalies
The performance of the Chandra Observatory, the instruments and subsystems have been remarkably free from problems and anomalies. Here we discuss the two difficulties that have been encountered that have had some impact on the scientific performance. We note, however., that neither are preventing the mission from accomplishing its scientific objectives. 
Proton damage to the front-illuminated CCDs
The ACTS front-illuminated CCDs originally approached the theoretical limit for the energy resolution at almost all energies, while the back-illuminated devices exhibited poorer resolution. Subsequent to launch and orbital activation, the energy resolution of the front-illuminated (Fl) CCDs has become a function of the row number, being nearer pre-launch values close to the frame store region and progressively degraded towards the farthest row. An illustration of the current dependence on row is shown in Figure 15 .
For a number of reasons, we believe that the damage was caused by low energy protons, encountered during radiation belt passages and reflecting off the x-ray telescope onto the focal plane. Subsequent to the discovery of the degradation, operational procedures were changed and the ACTS is not left at the focal position during radiation belt passages. (The HRC is left at the focal position, but with its door partially closed for protection.) Since this procedure was initiated, no further degradation in performance has been encountered. The BI CCDs were not impacted and this result is consistent with the proton-damage scenario as it is far more difficult for low energy protons from the direction of the HRMA to deposit their energy in the buried channels (where damage is most detrimental to performance) of the BI devices, since these channels are near the gates and the gates face in the direction opposite to the HRMA. Thus the energy resolution for the two BI devices remains at their prelaunch values.
The position dependent energy resolution of the FT chips depends on the ACTS operating temperature. Since activation, the ACTS operating temperature has been slightly lowered, based on considerations of molecular contamination, and is now set at the lowest temperature now thought safely achievable ('--120°C).
vIore recently, the ACIS team has been able to reproduce the damage characteristics after bombarding test devices with low-energy protons (<few hundred keV). Furthermore, by sweeping charge through the system they have beeen able to fill the charge traps and further dramatically reduce the impact. On-orbit testing of this technique will take place in the near future (April 2000).
Further details are provided elsewhere in these proceed-14,20
HRC-S Anticoincidence Electronics
The anti-coincidence shield of the HRC-S is not working because of a timing error in the electronics. The error is not correctable. As a result the raw event rate is very high and exceeds the total telemetry rate limit. To cope with this the HRC Team has defined a "spectroscopy region" which is about 1/2 of the width and extends along the full length of the HRC-S detector. With this change, the quiescent on-orbit background rate is about 85 cts s1. This background can be further reduced in ground data processing by using pulse height filtering that preferentially selects x-rays over the cosmic ray events. A further reduction in background of a factor of about three is possible. More details on the performance of the HRC may be found elsewhere in these proceedings. '5"8"6 4.3. Scientific Performance X-rays result from highly energetic processes -thermal processes in plasmas with temperatures of millions of degrees or nonthermal processes, such as synchrotron emission or scattering from very hot or relativistic electrons. Consequently, x-ray sources are frequently exotic:
• Supernova explosions and remnants, where the cxplosion shocks the ambient interstellar medium or a pulsar (rotating neutron star) powers the emission. \ote that these curves are representative of the variaion ----but t her do not account for t lie row-dependent nut variat ion winch also increases t lie energ resolution by an additional 1.-2i)/ for the larger row numbers.
• .-\.ccret ion disks or jets around steliar-niass neutron stars or black holes.
• cret ion disks or Jets around massive black boles in (i1liL( tiC 11(11:1 ci.
• Hot gas iii clusters of galaxies and in galaxies. winch traces the gravitational field for (ieteninIuIlg the mass.
• Hot gas in stellar coronae. especially during flares coronal mass election).
here we give a few examples of observations with Chandra which indicate the potential for investigating these processes and astromioriucal objects through high- 
Imaging
C'iiandras capability for highi-resolntion iliragirig (h -1.1.1 enables (letailed high-resolution studies of the St ructur of extended x-ray sources. iicludiig supernoni rellimiants Figure 11 . astrophysical ft ( Figure 16 . and hot gas in galaxies and (lusters of galaxies ) Figure 17 ). The siippleniermrarv capability for spectrormietric imaging allows studies of structure, not only in x-ray iiltelisitv. but iii teniperature and iii clienucal collipositioll. Through hese ohservat ions. astronomers will address several of the most exciting topics iii contemporary astrophysics -:.q., galaxy Irlergers, dark matter. and tire cosniological In addition to rnappiilg the structure of extended sources, tire high angular resolution permits studies of ensenibles of discrete sources, which would otherwise he mipossible owing to source eoid usiomi. A beautiful exatmiple comes from the recent observations of the center of \131 (Figure 18 ) performed hr \I. Garcia arid colleagues. 35 The inlage shows what used to be considered as enussion associated with tire black hole at the center of t lie galaxy iiow resolved into several distinct objects A riiost interestiig consequence is that the ciiussioii froiri the region surrounding the central black hole is now known to be draiiiatieallv reduced and unexpectedly amid surprisingly faint! Thus. Cliaiidra observations will isolate imidividual stars ui clusters and star-forming regions and x-ray binaries ui nearby iioriiial galaxies. Fort lierniore. high-angular-resolution observations with Chandra's low-noise focal-plane detectors will obtain photon-limited, (leepfield exposures which are likely to resolve most of the extragalactic cosmic x-ray background into faint, discrete sources39 ( Figure 19 ). 
Spectroscopy
Owing to their unprecedented clan tv. Cliata Ira ii itnc will be visually striking and l)rovide new iisiglits into the nature of x-ray sources. Equally illiportalit to tfi ilnagin science ( 4.3.1) Will he Cilali(iias litlique ('oiltrihul ions to high-resolution hi erive slo'ctroscopY. lii (lee(l. as the 'apabilitv for visible-light spect 1'o)'op\ lgut the field of astrol)hlvsics about a (ent irv ago. Iiit&Ii-resolution x-ray spectroscopv will 'oiitrihiite profoundly to the uuderst aiiduig of the phu'sical processes iii osiiiic x-ray sources.
Highi-resolition x-iav sloi roscopv is I li sseiit jul ool for diagiiosmg coiiditioiis iii hot idasiiias. It provides iiiloruiitiOil 101' detei'iiiiiiiiig till I eulp(1'itiir'. IclIsi;'. Icuieiital ahiualaio'c. mid ionization stag) of .x-n'a\ nhittwL ( arid (lust the latter through the analysis of extended x-ray absorption brie sturcture1041 (EXAFS) and x-ray ahsoprtion near-edge structure4 (XANES).
CONCLUSION
The Chandra X-Ray Observatory is performing as well. if not better. than anticipated and the results are serving to ,islier iii a new age of astronomical and astrophysical discoveries. http: //chandra .harvard. edu/ Chiandra X-Ray ('enter CXC). operated for NASA by time Sriiitlmsoniari Astrophivsical Observatory (SAO). 
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